In intercropping system, the utilization of different nutrients and water is an effective, as well as the risk of failure of cultivated crops is lessened. Field experiments were conducted at Sakha Experimental Farm Kafer EL-Sheikh Governorate, Egypt during two successive growing seasons 2017/18 and 2018/19 to investigate the effect of intercropping faba bean (CV. Giza 843) with sugar beet (CV. Geloria) grown under water stress and furrow width treatments on growth, yields, quality and some water relations for both crops .Split-plot design was used in the current investigation, the main plots contained three levels of water stress (two, three and four irrigations through the whole growing season in addition sowing irrigation for all treatment),while the sub -plots contained three furrow width(60, 90and 120cm) for faba bean. Sugar beet seeds were sown on the two sides and faba bean seeds were sown on upper ridge at furrow width 120 cm (C). The highest values for growth traits, yields for sugar beet and faba bean intercropping, applied and consumed water were obtained when plants were irrigated four irrigations (I3) and the furrow width 120 cm, but it was recorded the lowest values of water efficiencies. A significant interaction effect was found between the two factors of irrigation and furrow width on most of studied traits. The highest Land Equivalent Ratios (LER; 1.54 and 1.52) and the highest total income (15399.95 and 15030.45 L.E.) were obtained irrigation treatment (I3) and furrow width 120 cm.
INTRODUCTION
In arid areas, with annual rainfall of less than 250 mm, such as Egypt, irrigation is the principal factor in agricultural production. Agricultural sector uses more than 85% (48 million cubic meter) of the total renewable water supply. Moreover, the annual per capita of water for different purposes is in decreasing gradually to be less than the water poverty limit, 1000 m 3 per annum, EL-Quosy, (1998) . On the other hand, capita share from agricultural water is severely decreasing to be less than 504 m 2 / year/ capita (0.12 fed.) which is not feed an individual inhabitant and this decreasing is continuous under the challenge of increasing national population.
Legumes can reduce the emission of greenhouse gases in particular carbon dioxide and nitrous oxide in comparison with the agriculture based on synthetic N fertilization. Also, legumes decrease the total fossil energy inputs in agricultural system Stagnari et al. (2017) .
Intercropping system is considered the best approach for rising land use and absorbing surplus land labor, in particular with the speedy growth in population and lessening in the cultivable soil Malik et al. (2016) . El-Mansoury (2016) reported that under enough water availability could be irrigated two or three irrigations after sowing irrigation for faba bean. The interception of solar radiation during intercropping system is enhanced and the use of water and different nutrients is an effective and the risk of failure of the intercropped crops is reduced. Intercropping faba bean (Viciafaba L.)with other crops has particular importance to replenish faba bean gap. The cultivated area of faba bean has decreased from 333000 fed to less than 222000 fed in 2009 sowing to the severe competition with wheat and berseem in winter crops. Faba bean is grown world-wide as protein source for food and feed, but at the same time faba bean offers ecosystem services such as renewable inputs of nitrogen (N) into crops and soil via biological N 2 fixation and a diversification of cropping systems. At present, cultivated faba bean area in Egypt was 97906 fed with a total annual production 140000 tons and this is not adequate. The reduction in cultivated faba bean area is due to the increasing of cultivated other winter crops especial wheat (Triticum aestivumL.), Egyptian clover (Trifolium alexandrinum L.), sugar beet, etc. Therefore, efforts are focused to increase the productivity to narrow the gap between the local production and human consumption through many factors as using different intercropping patterns, cultivar selection, diseases and weeds control.
Sugar beet (Beta Vulgaris L.) is one of the most important crops in Egypt and worldwide. So, the agricultural policy has been given much attention to grow sugar beet plants to narrow the gap between production and consumption. The cultivated area for sugar beet in Egypt had increased from 16900 fed in 1982/1983 to 461720 fed in 2015/2016. Moreover, the production of sugar beet contributed about 50% with a total production of 1.25 million tons of sugar and this indicates the strategic importance of this crop, particularly when it is grown under new soils conditions. The cultivated area in Egypt is limited and for this reason the agricultural intensification had become very necessity to optimize the utilizing of unit area. Increasing sugar productivity per unit area had an important interest and can be achieved through adopting appropriate agricultural practices. Besheit et al. (2002) reported that the highest sugar beet quality and productivity were obtained from beet planted on ridge width (100 cm) and intercropped with two onion rows, while onion intercropped sugar beet ridge width (50 cm) was higher and negativity affected sugar beet quality and quantity. The main target for this current investigation was to :  Intercropping faba bean with sugar beet grown in different furrow width with their sole cropping under different number of irrigations.
 Some water relations (water productivity, productivity of irrigation water and both applied and consumed water) for faba bean and sugar beet.
MATERIALS AND METHODS
Two field trials were counted out at Sakha Agricultural Research Station, Agricultural Research Center, Egypt. The site is located at 31°-07N latitude, 30°-57E longitude with an elevation of about 6 meters a above mean sea level. Data presented in Table ( 1) showed some meteorological parameters during the studied period 2017/2018 and 2018/2019 growing seasons recorded from Sakha Agro-meteorological Station. Effect of intercropping faba bean (CV. Giza 843) with sugar beet (CV. Geloria, a mono-germ cultivar) grown used to three furrow width and three irrigation levels on productivity (growth yield, yield components and some water relations) of both crops. A split plot design with three replications was used in the current investigation. Irrigation levels (I 1 = sowing irrigation plus two irrigations; I 2 = sowing irrigation plus three irrigations; I 3 = sowing irrigation plus four irrigations) were put in main plots, while furrow width treatments (A=60, B= 90 and C= 120 cm) were put in sub-plots. The size of sub-plot area was 42 m 2 consisting of ten ridges, each of 3.5 m length and 1.2 m furrow width. Seeds of sugar beet either in pure or intercropped system were sown on 20 th October in first season and on 23 th October in second season, while seeds of faba bean either in pure or intercropped system were sown on 12 th November in first season and on 15 th Novemberin second season, while the harvest date was for sugar beet on 15 th May and on 18 th May in the two seasons but for faba bean was 10 th May and 13 th May in the two seasons. Sugar beet seeds were planted on both sides of beds at 20-30 cm hill spacing with three-four seed per hill and 30 days after sowing (DAS) were thinned into one plant per hill. Both of intercropping and monoculture systems (control) were used in sugar beet to achieve full stand of about 35000 plants fed -1 . However, faba bean seeds were broadcasted on the top of sugar beet bedsat20-25 cm hill spacing with three-four seed balls hill -1 at the recommended rate of seeding rate (30 kg fed -1 ). The plants were hand-thinned to one plant per hill when the plants were at 4 leaves stage.
During seed bed preparation, superphosphate (15.5 % P 2 O 5 ) and potassium sulphat (48%K 2 O) fertilizers were applied at a rate of 31 kg P 2 O 5 and 24 kg K 2 O fed -1 , respectively. Mineral N fertilizer in the form of Urea (46% N) at a rate of 100 and 55 kg N fed -1 was applied to sugar beet and faba bean plants, respectively in three equal doses at 20, 40 and 60 DAS. At the first N dose, sugar beet plants were also fertilized using potassium sulphat at a rate of 62 kg K 2 Ofed -1 . Faba bean and sugar beet were sown in monoculture as control to evaluate the yield advantage and economic evaluation, while the yield component traits were not recorded .Weeds in the rows were removed by hands. Diseases and pesticide control were conducted as needed for faba bean and sugar beet crops during growing period. The preceding crop was maize (Zea mays L.). All the other agricultural practices were applied as recommended for the crops and area.The particle size distribution and some soil water constants are presented in Table ( 2) as described by Klute (1986) and the chemical analysis of experimental soil before sowing are tabulated in Table ( 3) as described by Jackson (1973) * Data collection:-1-Applied water: Applied water included an irrigation water plus rainfall. Irrigation water was controlled and measured by rectangular weir. Irrigation water discharge was determined according to Michael, (1978) as follows: Q = 1.84 LH 1.5 Where: Q = Water discharge, m 3 sec -1 , L = width of weir, cm and H = the head above weir crest, cm.
2-Water consumptive use:
To compute the actual consumed water of the growing plants. Soil moisture percentage was determined (on weight basis) before and after each irrigation as well as at harvesting. Water consumptive use by growing plants was calculated based on soil moisture depletion (SMD) according to Hansen et al, (1979) . 
3-Productivity of irrigation water (PIW, kgm -3 ).
Productivity of irrigation water (PIW) is generally denied as crop yield (kg) per cubic meter of applied water. It was calculated according to Ali et al., (2007) Aw Y PIW 
Where: PIW= Productivity of irrigation water (kg m -3 ), Y= Yield
(kg) and Aw =Applied water (m 3 ).
4-Water productivity (WP, kgm -3 ):
Water productivity (WP), is generally defined as crop yield (kgfed -1 .) per cubic metre of water consumption. It was calculated according to Ali et al., (2007) Cu Y WP 
Where: WP= Water productivity (kgm -3 ), Y= Yield (kg) and Cu =

Water consumptive use.
At maturity, 10 guarded plants from each crop were randomly taken from inner ridges in each sub-plot for recording the growth and yield traits. While, straw, and seed yields fed -1 for faba bean and sugar beet were estimated from central area (2.0 m 2 ) of each sub-plot. The recorded traits included:
A-Sugar beet traits: Sugar beet growth, yield and yield components
Sugar beet plants grown on three inner ridges 3.5 long of each plot were pulled at 180 DAS, topped and counted.
Also, number of leaves per plant, leaf fresh and dry weight plant -1 (g), root diameter (cm), root length (cm), root fresh and dry weight plant -1 (g) and root yield (ton fed -1 ) were measured and recorded on a random sample of ten plant roots.
Quality traits of sugar beet:
Quality traits were analyzed and determined in the fresh roots using an automatic French system (HYCEL). Sucrose % (pol %) and TSS % were polar metrically measured on a lead acetate of fresh macerated root as described by McGinnus (1982) .Sucrose % (pol %) was estimated in fresh samples of sugar beet root using Saccharometer according to the method described by AOAC (1995) . Purity % was estimated according to the following equation: Purity %= 99.36 -[14.27 (Na%+ K%+ αamino N%) /sucrose %] (Devillers 1988) .Sugar yield (ton fed -1 ) was estimated by multiplying root yield fed -1 by root sucrose %.
B-Faba bean characters: Growth, yield and yield components:
Ten guarded plant were randomly taken from each sub-plot to measure plant height (cm), number of branches plant -1 , number of pods plant -1 , number of seeds pod -1 , seed yield plant -1 (g), straw yield plant -1 (g), 100-seed weight (g), harvest index , seed yield (ton fed -1 ), straw yield (ton fed -1 ), biological yield ton fed -1 .
Yield advantage: Land Equivalent Ratio (LER):
The ratio of area needed under sole cropping to that of intercropping at the same management level to produce an equivalent yield was calculated according to Mead and Willey (1980) 
Total return of intercropping cultures (Net income fed -1 ):
It was calculated for each treatment in price of sugar beet yield by Egyptian pounds + price of faba bean yield by Egyptian pounds using the average farm gate price for the two seasons. The market price for sugar beet was 400 L.E. per ton and for faba bean seeds was 1000 L.E. per ardab (160 kg seeds). The average of sugar beet and faba bean yield price presented by Agricultural Statistics (2018 and 2019) was used.
The statistical analysis was conducted for each crop separately according to Snedecor and Cochran (1989) using MSTATC computer V4 (1986). Also, least significant difference (LSD) at 0.05 level of probability was used for comparing different treatment means.
RESULTS AND DISCUSSION
Effect of irrigation and furrow width treatments on: 1-Applied water and water consumptive use:
Presented data in Table ( 4) and Fig. (1) clearly indicated that, the overall mean values for applied water and water consumptive use for sugar beet which intercropped on faba bean were affected by both irrigation and furrow width treatments. These crops consider winter field crops. So, the seasonal applied water (Aw) of the two studied crops consists of the two main components, irrigation water delivered to the plot (IW) and rainfall. The total amount of the rainfall during the two growing seasons of crops as reported in Table ( 3) was 6.89 cm. (289.38m 3 fed -1 ) and 8.67 cm. (364.14m 3 fed -1 ) in the first and second growing seasons, respectively. Water stress treatments were greatly affected irrigation water delivered in two growing seasons. The highest seasonal values for applied water were recorded under irrigation treatment I 3 (sowing irrigation plus four irrigations) where the values are 56.02 cm (2352.73 m 3 fed -1 ) and 58.67 cm (2464.22 m 3 fed -1 .) in the first and second growing seasons, respectively. Meanwhile, the lowest seasonal values were recorded under irrigation treatment I 1 (sowing irrigation plus two irrigations) and the values are 39.41 cm (1655.13 m 3 fed -1 ) and 39.81 cm (1772.09 m 3 fed -1 ) in the first and second growing seasons, respectively. Generally, the seasonal values for applied water can be descended in this order I 3 ˃ I 2 ˃ I 1 . Increasing the seasonal values for applied water under irrigation treatment I 3 in comparison with other irrigation treatments I 1 and I 2 might be attributed to increasing number of irrigations and hence increasing the amount of applied water. Data in the same table also illustrated that furrow width treatments were affected seasonal applied water where by reducing furrow width the amount of seasonal applied water increased. Generally, the values of applied water can be descended in order A ˃ B ˃ C. respectively.
Concerning, water consumptive use (Cu) data in the same Table (4) and Fig. (2) showed that the highest overall mean value for (Cu) were recorded under irrigation treatment I 3 and the values is 37.39 cm (1595.31 m3fed -1 ).
Meanwhile, the lowest overall mean values were recorded under irrigation treatment I 1 and the value is 30.89 cm. (1297.54 m 3 fed -1 ). Generally, the overall mean values of water consumptive use can be descended in order I 3 ˃ I 2 ˃ I 1 and under furrow width treatments A˃B˃C, respectively. Increasing the values of Cu under irrigations treatment I 3 in comparison with I 1 and I 2 might be attributed to increasing the amount of applied water under the conditions of this treatment and hence forming strong plants with a thick vegetative growth. Consequently, increasing the exposed area to sunlight, therefore, increasing transpiration from plant surfaces which considers one of the main components of water consumptive use in addition to evaporation from soil surface. These results are in a great agreement with those reported by Gharib and El-Henawy (2011) , Ashry et al. (2012) , Mona, S. M. Eid (2012) and Moursi and Darwesh (2014) .
Regarding, the effect of furrow width treatments under all irrigation treatments, the highest overall mean values were recorded under furrow width treatment A (60 cm) and the values are 40.25 cm.(1690.29 m3/fed.), 37.39 cm (1570.34 m3/fed.) and 33.18 cm (1393.39 m3/fed.) under I 3 , I 2 and I 1 irrigation treatments, respectively. Also, as shown in the same Table, with increasing plant densities (intercropping systems) on the raised-bed the values of water consumptive use increased. So, the values of water consumptive use can be descended in order A> B > C under the two growing seasons. Concerning, furrow width control of treatments faba bean, the lowest overall mean values for water consumptive use were recorded in comparison with other treatments A, B and C because control faba bean means (cultivation of faba bean only on the raised-bed without sugar beet). So, the water consumptive use for faba bean is less than for sugar beet only because of the vegetative growth for sugar beet is bigger than that for faba bean. So, the losses by transpiration through this cover will be more than those under cultivation of faba bean only and hence, increasing the values of water consumptive use. These findings are in the same line with those reported by Kiziloglu et al. (2006) and .
3-Irrigation efficiencies:
Presented data in Table (5) clearly showed that the values of irrigation productivity (PIW and WP) were affected by both the two studied treatments (irrigations and row width). Concerning, the effect of number of irrigations treatments on PIw and WP, the highest mean values were recorded under irrigation treatment I 1 in the two growing seasons and the values are 10.61 kg/ m 3 for PIW, 14.01 kg/ m 3 for WP as average mean in the two growing seasons, respectively. Meanwhile, the lowest mean values were recorded under irrigation treatment I 3 and the values are 9.26 kg/m 3 for PIW 13.91 kg/m 3 for WP in the two growing seasons, respectively. Generally, the mean values for PIW and WP can be descended in order I 1 ˃ I 2 ˃ I 3 in the two growing seasons under furrow width treatments. Increasing the mean values of Paw and WP under irrigation treatment I 1 in comparison with other irrigation treatments I 2 and I 3 in the two growing seasons may be attributed to increasing yield and decreasing the amount of applied water and consumptive use under the conditions of irrigation treatment I 3 comparing with irrigation treatment I 1 which recorded the highest value for applied water and recorded the highest value for water consumptive use. Consequently, under these conditions the lowest mean values for PIW and WP were recorded. These results are in a great harmony with those obtained by Khalifa and Ibrahim (1995) , Gharib and El-Henawy (2011) and Moursi and Darwesh (2014) . Table 5 . Effect of irrigation and furrow width on productivity of applied water (PIW) and water productivity (WP) for faba bean intercropped on sugar beet in the two growing seasons. 
Irrigation Treatment
Furrow Width
PIW (kg/m 3 ) WP (kg/m 3 ) 1 st growing season 2 nd growing season Mean 1 st growing season 2 nd growing season Mean
Yield and yield components for sugar beet and faba bean: 1-Sugar beet crop:
Sugar beet tended to have the highest significant root diameter, fresh and dry for weight roots per plant, number of leaves per plant, dry for weight leaves, total fresh and dry weight of whole plant and root yield per fed when plants were irrigated with I 1 and planted on 120 cm furrow width, while the longest roots, the highest sucrose %, purity % and sugar yield per fed were obtained from plants that irrigated with I 3 and planted on 60 cm furrow width at 180 DAS during both of growing seasons (Table 6 -11). Beshay et al. (2000) revealed that the reduction in sugar beet productivity was not due not only to intercropping system, but also was due to intercropped density of the companion crop.
Irrigation of sugar beet four times plus planting irrigation and bed width 120 cm affected in the heaviest dry root weight, whole dry weight of plant and root yield per fed, while irrigation of sugar beet with two times and furrow width 60 cm resulted in the lowest values for sugar yield per fed, TSS %, sucrose %, and purity % in comparison to other treatments (Table 11 ). The reduction in yield and growth traits of sugar beet intercropped with faba bean can be attributed to the shad of faba bean plant for the sugar beet plants in comparison to the pure stand plants as reported by Abd El-All (2002) and Mohammed et al. (2005) .
The sugar beet produced significantly higher root yield when intercropped with faba bean under the four irrigations and sowing on 90 cm bed width, while the sowing under 120 cm bed width the root yield of sugar beet was significantly superior. The highest significant sugar beet root yield was achieved from the pure stands, amounting to 49.99 and 49.08 ton ha-1 in first and second season, respectively. The difference between the sugar beet root yield produced from 60 and 120 bed width amounted in the first growing season to be 11.11 ton ha-1, while in the second growing season the difference amounted to be 11.40 ton ha-1.
The effect of intercropping on the root yield of sugar beet, mainly depends on the nature and growth habit of the companion crop. For instance, Abdel Motagally and Metwally (2014) and El-Shamy Moshira et al. (2015) concluded that root yield of sugar beet was not significantly affected when intercropped with onion. However, similar to the current study, it was reported that the maximum significant root yield of sugar beet was achieved for pure stands in comparison to intercropping sugar beet with faba bean (Mohammed et al., 2005) . Researchers attributed this effect to the arrangement of sugar beet and companion crop plants which resulted in greater exposure of the plant canopy to the solar radiation. This better effect of the solar radiation was reflected on better root growth and higher root yield. On the other hand, the reduction of sugar beet root yield with reducing the bed width to 60 cm may be due to the shading effect, in addition to the high competition for light and nutrients up take which negatively affect the rate of photosynthesis and, thus, reduces the root yield.
The highest number of leaves per plant, root diameter, fresh and dry leaves weight, fresh and dry root weight per plant, and total fresh and dry weight of whole plant when plants were irrigated three irrigations and sown on 120 cm bed width, while the longest roots, and the highest sugar %, were obtained from plants irrigated with I 3 and sown on 120 and 60 cm bed width, respectively (Table  10, 11) . The highest yield of sugar beet was obtained when five faba bean plants were sown with sugar beet per m 2 (Abd El-All, 2002) . However, there were no significant effect for the interaction between irrigation and bed width treatments on purity %, TSS%, root yield fed -1 and sugar yield fed -1 . 
2-Faba bean crop:
The results indicated that the highest number of branches per plant, number of pods per plant, number of seeds per pod and seed yield per plant of faba bean were obtained when plants were received four irrigations followed by three irrigations in comparison to those received only two irrigations (Table12). Also, the highest values of those traits were obtained when bed width was 120 cm followed by 90 cm in comparison to those sown on 60 cm. The longest plants were obtained when plants were received two irrigations or were sown on bed width of 60 cm (Table 12) .
The highest seed, straw and biological yields of faba bean per fed was obtained from these plants that received four irrigations and sown on 120 cm bed width in intercropping with sugar beet (Table13). However, seed yield of faba bean per fed in pure stand was greater than in intercropping system. Such data are mainly due to the effects of both intra and inter competition between faba bean and sugar beet. The maximum biological yield of faba bean was obtained under mono-cropping, while the minimum biological yield was produced under intercropping when plants were irrigated with I 3 and sown on 60 cm bed width.
The effects of interaction between irrigation and bed width were significant on number of seeds per pod during both of growing seasons. The highest number of seeds per pod (Table 13 ) and the heaviest 100-seed weight, harvest index, seed yield per fed and biological yield fed -1 (Table 14) of faba bean were obtained when plants were grown on bed width of 120 cm (followed by 90 cm) and irrigated with four irrigations. However, the effects of interaction between the irrigation and bed width were not significant on plant height, number of pods plant -1 , seed yield plant -1 (Table 13) , seed and straw yield fed -1 (Table 14) . The highest land equivalent ratio (LER, 1.533) as average of two seasons was obtained when the intercropped sugar beet and faba bean plants were irrigated four times and the furrow width was 120 cm (Table 17) . Abd El-All (2002) reported that the highest land equivalent ratio was attained when sixteen plants of faba bean were intercropped on sugar beet per m 2 . In the same trend, the highest net income for faba bean (7843 L.E.), relative yield for faba bean (0.873) and the highest total net income for both intercropped crops (15215 L.E) as average during both of growing seasons were obtained when plants received four irrigations and sown on furrow width 120 cm (Table 17 ). However, the highest net income and relative yield for sugar beet (8256 L.E. and 0.739, respectively) in intercropping system were obtained when plants were received two irrigations and sown on furrow width 120 cm (Table 18 ). Also, intercropped increased markedly farmer net and profitability per unit capital input (one LE). Mohammed et al. (2005) indicated that growth, yield and yield components of sugar beet were significantly decreased by intercropping with faba bean as compared with solid sugar beet. The highest LER and K were obtained when 100% sugar beet was intercropped with 33% faba bean. 
